Study objectives: As the effects of general slowness and decreased attentional capacity on higher executive attention have not been fully taken into account in the sleep apnea literature, we statistically controlled for basic attentional performance in evaluating executive attention per se in sleep apnea patients. Design: A case-controlled design was used with comparison of basic and executive attentional tasks. Participants: Thirty-six polysomnographically diagnosed patients (mean apnea-hypopnea index = 60.5 ± SD 31.6) participated, together with 32 healthy controls. It has been argued that the latter poor performance was probably primarily related to the task's phonologic loop component of working memory rather than to an attentional switching deficit per se. No other performance differences were found between patients and healthy controls. Conclusions: In addition to vigilance decrements, attentional capacity deficits clearly emerge, ie, slowed information processing and decreased short-term memory span. However, no specific clinical indications for executive attentional deficitssuch as disinhibition, distractibility, perseveration, attentional switching dysfunction, decreased design fluency, or an impaired central executive of working memoryare found in patients with severe sleep apnea. Their cognitive performance seems very similar to the cognitive decline found after sleep loss and qualitatively different from patients with chronic obstructive pulmonary disease, suggesting sleepiness as the primary factor in a parsimonious explanation for the attention deficits in sleep apnea, without the need to assume prefrontal brain damage.
INTRODUCTION

SLEEP APNEA IS A SLEEP-RELATED BREATHING DISOR-DER ASSOCIATED WITH BRIEF AROUSALS FROM SLEEP AND INTERMITTENT HYPOXEMIA CAUSING DAYTIME SLEEPINESS, ATTENTIONAL CAPACITY DEFICITS (REDUCED INFORMATION-PROCESSING SPEED AND SHORT-TERM MEMORY SPAN), AND VIGILANCE AND DRIVING-SIMULATION DECREMENTS (SEE FOR
). In addition, some studies have suggested executive attentional dysfunction, 9-10 while other did not. [11] [12] [13] Executive function is a complex concept covering many abilities. Essentially, it involves selection, control, and coordination of attentional processes that are responsible for integrating perception and action. In sleep apnea research, relatively few case-controlled studies exist, and additional empirical evidence is clearly needed in order to draw any firm conclusions. 5, 6, 8 Moreover, and perhaps most importantly, because the effect of general slowness [14] [15] [16] [17]  due to sleepiness that results from sleep fragmentation 2, 18, 19  on higher cognitive function has not been fully taken into account in the sleep apnea literature, 6 ,20 the reported executive deficits should be regarded as tentative. Within the area of sleep research, this caveat has also been affirmed by Jones and Harrison: "Difficulties involved in isolating executive function from other areas of cognitive function, both methodologically and conceptually, may go some way towards explaining this inconsistency" in reporting of specific task deficits following reduced sleep. 21p470 From a conceptual point of view, we have argued elsewhere 20 that sound theoretical neurocognitive frameworks are needed to guide not only the choice of the neuropsychological tests, but also their interpretation. In fact, performance on higher-order executive tasks in patients with arousal and attention difficulties needs careful analysis and interpretation. 20, 22 For instance, a wellknown and influential cognitive model associated with executive function is Baddeley's working memory model 23 that includes two passive storage components (one for speech-based and one for visuospatial information) and one active monitoring and updating component (the so-called central executive). This means that patients with sleep apnea may fail on a Digit Span backward test, not necessarily because of a deficit in the central executive, but because they already have difficulties in retaining the digits in working memory (phonologic working memory storage). 24, 25 In order to investigate this possibility, one should always consider not only Digit Span backward, but also Digit Span forward performance in evaluating specific central executive processes. [24] [25] [26] However, even though these two tasks are assumed to tap different functions, they are also significantly correlated (r = 0.50), thus sharing 25% of common variance. 25 This methodologic concern is being addressed in the present study by using fine-grained analyses in which complex neuropsychological tasks are separated into more pure cognitive subcomponents. This requires that basic attentional performance is statistically controlled for in evaluating executive attention per se (ie, (dis)proportional performance decline in the executive subtask relative to controls). In this study, frequently postulated executive functionsshifting between tasks or mental sets, updating and monitoring of working memory representations, and inhibition of dominant responses (eg, 27 )were, together with design fluency, assessed in patients with mostly severe sleep apnea.
Based on the above theoretic considerations, and some empiric studies that do not show clear executive dysfunction in patients with mild 11, 12 and severe obstructive sleep apnea syndrome (OSAS), 13 it was hypothesized that attentional capacity deficits but not specific executive attention impairments would emerge.
METHODS
Subjects
Thirty-six patients with sleep apnea (mean apnea-hypopnea index [AHI] = 60.5, SD 31.6; range AHI 21.5 -139) participated in this study. They all underwent overnight diagnostic standard polysomnography (PSG) for suspected sleep apnea. Patients were excluded from participation if they were suffering from a significant medical (such as chronic obstructive pulmonary disease [COPD]), psychiatric, neurologic, or another sleep disorder; were taking medication that could adversely affect cognitive function; or were demonstrating abnormal awake arterial blood oxygen saturation (SaO 2 ) levels. In addition, patients older than 65 years of age were also excluded. For healthy controls, the same exclusion criteria as for the patients were applied. Because this study involves moderate and severe sleep apnea, only patients with an AHI (defined as the number of apneas and hypopneas per hour of sleep) of at least 15 were included. 28 Thirty-two of the participating patients were men, and four were women, with a mean age of 49.2 years (SD 7.3) and a mean education level of 12.7 years (SD 2.4). A healthy control group, of similar age (47.4 years, SD 8.3) and education level (12.9 years, SD 2.1), consisted of 32 volunteers (14 men and 18 women) who were paid for their participation. Informed consent was obtained from all participants. Separate demographic group comparisons were done because of the different number of cases among the task variables. None of these comparisons was found to be significantly different.
Assessment of Sleep-Disordered Breathing and Sleep Quality
All patients were diagnosed polysomnographically in one of our two sleep research centers as having obstructive sleep apnea. Polysomnography included frontal, central and occipital electroencephalogram, submental and anterior tibialis electromyogram, electrooculogram, electrocardiogram, SaO 2 , nasal airflow, thoracic and abdominal movements, body position and microphone. The number of apneas and hypopneas (ie, decrease in airflow for at least 10 seconds and associated with a drop in baseline SaO 2 of at least 2% in 25 patients and 3% in 11 patients) were calculated, along with other relevant parameters (see Table  1 ). Electroencephalographic microarousals were scored according to the American Sleep Disorders Association criteria. 29 Ten healthy controls also underwent PSG evaluation. Control subjects' PSGs included, except for frontal electroencephalogram and electrocardiogram, the same sleep and breathing parameters as used in patients. One of the control subjects was excluded because of poor sleep. Subsequently, the sleep quality of controls was assessed subjectively using the Pittsburgh Sleep Quality Index (PSQI), 30, 31 regarding sleep, medical, neurologic, and psychiatric complaints and medication use; (2) normal PSQI parameters one month and one night before cognitive testing; and (3) a normal performance on all performance tasks (see below), based on normative dataavailable for all tests except for the computerized Stroop ColorWord Test and the Visual Vigilance Test-and on qualified clinical judgment.
Vigilance Measurement
A Visual Vigilance Test 36 provided infrequently occurring events under monotonous conditions. A square divided in an upper and a lower rectangle was continuously shown in the middle of the computer screen. A grid pattern was alternately presented in this upper or lower rectangle. Subjects should detect irregularities in this alternation, ie, when the stimulus is shown twice in the same rectangle without alternation. The test period was 20 minutes at a low rate of critical stimulus presentation, ie, 24 targets for the entire test period equally divided into segments of 5 minutes. Performance measures for each 5-minute segment and for the entire testing period were median reaction time (RT) of correct responses, standard deviation of the RT, and number of omissions. This vigilance assessment was performed immediately after the neuropsychological testing.
Neuropsychological Assessment
Both patient and control groups were tested in the morning between either about 9:00 and 10:30 AM or 10:30 AM and noon. The neuropsychological tasks were always administered in the same order to minimize feelings of fatigue and discouragement. In addition, subjects were always allowed to take a break if needed. Patients as well as controls were also motivated throughout the testing period to make sure that they exerted adequate effort and motivation, thereby eliciting their optimal level of performance. The following description of the neuropsychological tests that were used reflects the administration order.
Trail Making Test
In the Trail Making Test (TMT), the subjects had to connect, in proper order, 25 encircled numbers randomly arranged on a page (part A) and 25 encircled numbers and letters by alternating between these numbers and letters (part B). Part B required task switching/cognitive flexibility, next to the same visuomotor activity and visual search processes as in part A. 22, 32 
Symbol Digit Modalities Test
This task required the substitution of symbols for a corresponding number from 1 to 9 under time constraints (90 seconds). Because manual speed and agility contribute significantly to its performance, 26 the verbal administration form was used. Consequently, the verbal Symbol Digit Modalities Test (SDMT) measures visual scanning and visual tracking and is considered to be a general measure of information processing speed. 22, 32 
Digit Span
In this subtest of the Wechsler Adult Intelligence ScaleRevised (WAIS-R), the subjects were asked to repeat orally presented digits with increasing sequence length, either in forward or reverse order. From the viewpoint of Baddeley's theory of working memory, 23 the forward digit span is presumed to measure phonologic working memory storage, whereas the backward one isadditionallysupposed to be a measure of the central executive (see Introduction). This test was administered in accordance with the WAIS-R rules. However, the backward span was scored starting from the same 3-digit length as in the forward condition in order to be able to compute discrepancy scores (see Statistical Analysis).
Stroop Color-Word Test
In this computerized version 33 of this classical task, 34, 35 108 trials were presented in three blocks, randomly and evenly distributed between control trials ('xxxx' in one of the four possible colors), congruent trials (color matches the word), and incongruent trials (incompatible color words, eg, the word green presented in red). In addition, 30 practice control trials were presented to allow adaptation to the numeric keypad of the keyboard that served as response pad (2 = blue, 4 = green, 6 = red, 8 = yellow). Subjects were asked to ignore the word and to respond selectively to the color as quickly as possible while avoiding errors. Each trial consisted of a fixation point (+) followed by a colored stimulus that remained on the screen until it was responded to. Auditory feedback was provided after an error. Measures used were median RT and percentage of correct responses for both the neutral control and the incongruent condition. Outliers in individual RTs, defined as individual mean RT ± 2.35 SD, were excluded.
Five-Point Test
Five-dot matrices (positioned as on dice) were arranged on a sheet of paper in eight rows and five columns. In this figural fluency task, subjects were asked to produce as many different designs as possiblethereby avoiding repetitionsby connecting the dots within each 5-point rectangle, using a time limit of three minutes. 32 Measures were the number of unique designs and the percentage of repeated designs (perseverations).
Flexibility Test
In this subtest 36, 37 of the computerized Zimmermann-Fimm Test battery for Attentional Performance (TAP), one letter and one digit were presented simultaneously, one at the left and one at the right side of the computer screen. Subjects needed to respond to each trial by pressing the corresponding left or right response button as quickly and as accurately as possible. After each key press, a 1000-Hz tone was presented, lasting 100 milliseconds following a correct response or 500 milliseconds after an incorrect response. Two levels of test difficulty were applied. In the baseline test condition, the digit always represented the target stimulus (50 trials). In the actual attentional flexibility subtest, attention needed to be switched, as the target stimulus alternated from one trial to the next between a letter and a digit (100 trials). Measures used were median RT and number of errors. Outliers in individual RTs, defined as individual mean RT ± 2.35 SD, were excluded automatically, after which the different performance parameters were recomputed (only once).
Missing data for the Stroop task (11 patients) and the TMT (2 patients) were caused by time constraints. Owing to technical problems or one administrative error, the absence of data occurred for the Stroop task (2 controls), the TMT-A (1 control), and the Flexibility task and Vigilance task (2 patients each). Six patients did not have data for the Five-Point Test, because of its later addition to the test battery. One patient refused to perform the Flexibility task and the Vigilance test.
Statistical Analysis
Statistical outliersdefined as mean ± 3 SDwere excluded separately for the apnea group and for the control group. The following data were removed (always ≥ mean ± 3 SD): Stroop neutral control (1 control), Stroop incongruent (1 patient, 2 controls), Stroop incongruent: % correct (1 patient), TMT-A (1 patient, 2 controls), TMT-B (1 patient), Five-Point Test: percentage of repetitions (1 patient), Flexibility Digits: errors (2 controls), and Flexibility Digits and Letters (1 patient). It should be noted that analyses without excluding statistical outliers yielded exactly the same pattern of significant results. Together with the missing data (see above), this approach resulted in different numbers of cases among the tasks (see Table 2 -4).
Group differences regarding age, years of education, and performance variables were examined using independent t tests; in case of skewed distributions nonparametric Mann-Whitney U tests were employed. Next to the use of statistical significance levels in evaluating performance differences, Cohen's d as a measure of effect size was also calculated (ie, difference expressed in standard deviation units). 38 With regard to the Stroop Color-Word Test, the Digit Span task, the TMT, and the Flexibility task, basic attentional performance was controlled for in evaluating executive attention. First, regression equations were computed of the executive condition performance on the basic condition of the task, using healthy controls' data. 39 patient's actual executive-task condition performance and the estimated executive-task condition performance based on normal controls' regression equation. The more different the mean discrepancy score was from zero, the more impaired the executive performance was than could be expected from the correlation between basic performance and executive performance in healthy controls (ie, a disproportional decline). For more details about the rationale to tease apart specific executive performance from general speed of responding, the reader is referred to work by Verstraeten and Cluydts, and Henik. 20,40
RESULTS
PSG and Subjective Sleep Variables
As expected, the mean AHI and all SaO 2 measurements differed significantly between patients (n = 36) and controls (n = 9) ( Table 1 ). The following sleep parameters were found to also be different, in the expected direction: total sleep time, sleep efficiency, wake time after sleep onset, microarousal index, percentage of rapid eye movement sleep, sleep latency, and duration of slow-wave sleep (percentage of slow-wave sleep showed a trend toward significance, P = .08). In contrast, both groups had similar percentages of light sleep. As also shown in Table 1 , the subjective PSQI sleep-quality parameters of the control group (n = 23) were clearly within normal limits (global score ≤ 5), 30, 31 both during the month as well as the night prior to neuropsychological testing.
Vigilance Data
Overall, Table 2 shows visual vigilance decrements in patients, characterized by lapses of attention and state instability. With respect to the number of omissions between 10 and 15 minutes, and between 15 minutes and 20 minutes, significant (P < .05 and P = .02, respectively) differences (d = 0.72 and d = 0.68, respectively) emerged. Moreover, during the last 5 minutes, patients' RT became unstable (P = .01; d = 0.82).
Neuropsychological Test Results
Performances on basic attentional tasks are presented in Table  2 . Not surprisingly, patients with sleep apnea recalled significantly (P < .05) fewer digits of the WAIS-R Digit Span task in forward order (d = 0.44). In addition, apneics substituted fewer symbols (d = 0.93) in the Symbol Digit Modalities Test (P < .001). In the 2-choice RT subtask of the Flexibility Test in which the digit was always the target, apnea patients made on average of 0.55 ± SD 0.71 errors (out of 50 trials), significantly (P < .05) more (d = 0.74) than controls (mean 0.13 ± SD 0.35), while both groups' RTs were comparable. On the TMT-A and on the neutral condition subtest of the Stroop Color-Word task, no significant performance differences were found.
Executive attention measures on the TMT-B, the Digit Span backward task, the incongruent condition of the Stroop ColorWord Test, and the actual Attentional Flexibility subtask were statistically controlled for basic attentional performance, as indicated by discrepancy scores (see Statistical Analysis section). As shown in Table 3 , apnea patients and controls did not differ with regard to the TMT-B and the incongruent condition of the Stroop Color-Word Test for both RT and accuracy. In addition, no difference emerged in the mean discrepancy score of the Digit Span backward test, as can also be seen from the lack of interaction in Figure 1 . The number of unique designs and the percentage of repetitions (perseverations) in the Five-Point figural fluency task were similar for both groups as well. However, sleep apnea patients were slower (d = 0.54) on the Flexibility Task (P < .05), though no significant difference emerged regarding accuracy on this task.
DISCUSSION
As anticipated, and in agreement with the neuropsychological literature in patients with moderate and severe sleep apnea, our results indicate slowed information-processing speed as measured with the Symbol Digit Modalities Test (effect size d = 0.93) and diminished working memory storage/short-term memory as measured with the WAIS-R Digit Span forward task (d = 0.44). Jointly, these deficiencies are commonly called attentional capacity deficits. 41 This result seems to be quite consistent as to both statistical significance and magnitude across studies, especially in reports of patients with severe but also those with most moderate OSAS (for reviews, see [1] [2] [3] [4] [5] [6] [7] [8] ). Rather unexpectedly, a significant accuracy difference (d = 0.74) emerged between patients and controls in the easy 2-choice RT subtest. Because this was not a challenging or interesting task, it could be that an occasional lapse of attention during this 50-trial task in some patients (mean number of errors = 0.55 ± SD 0.71; range 0-2) accounts for this difference.
Relatively few case-controlled studies exist on executive functioning in sleep apnea patients. In one study, severe apneics performed poorer (d = 1.25) on the TMT-B. 9 Unfortunately, (underlying) TMT-A performance was not included, rendering interpretation of TMT-B, relating specifically to attentional set shifting, problematic. 20 Our results indicate normal TMT performance in patients with moderate and severe apnea, which is in line with other findings in patients with mild to moderate 11, 12 and moderate to severe apnea. 10, 13, 42 Patients with both moderate to severe 10 as well as mild to moderate 12 apnea recalled fewer WAIS-R digits backward. However, because patients remembered fewer digits forward as well, 10 or data on digits forward were not reported, 12 interpretation in terms of a specific impairment in the central executive is not justified. Likewise, reporting a composite digit span score 42, 43 obscures the interpretation. [24] [25] [26] Executive As already suggested in the introduction, the underlying passive maintenance of task-relevant information should be differentiated from the high-level dynamic manipulating of the content of working memory. This functional difference has also been supported by neuroimaging studies. [44] [45] [46] By and large, it appears that posterior regions primarily mediate simple storage and maintenance, whereas the dorsolateral prefrontal cortex seems to be primarily involved in situations where information needs to be monitored and manipulated. The fact that patients may fail on a Digit Span backward test, not necessarily because of a deficit in the central executive, but because of difficulties in holding the digits in short-term memory, is corroborated by the present findings. Indeed, when digits backward were considered in isolation, our patients also performed significantly worse than healthy controls. However, when this performance was statistically controlled for the poor performance on the digits forward task, no specific central executive deficit was found. Indeed, it can be seen that no interaction exists between subject group and Digit Span's level of difficulty (Figure 1) .
The classical Stroop Color-Word Test measures focused attention and inhibition of interfering dominant responses. Somewhat surprisingly, this task has been rarely used in sleep apnea research. One study reported prolonged time (d = 0.86) to complete the incongruent condition relative to the neutral one in patients with moderate to severe apnea. 10 Unfortunately, this study did not present accuracy data on this test, measuring (dis)inhibition. The present results clearly show neither distractibility nor disinhibition impairments.
With respect to verbal fluency, Bédard et al, 9 in patients with severe apnea and Lee et al, 13 in patients moderate to severe apnea, demonstrated decreases in this function (P < .05 and d = 1.30, and P < .06 and d = 0.68, respectively). In contrast, no such deficits were found in patients with mild to moderate 11 or moderate to severe apnea. 10, 42 During a design fluency test in the present study, apneics produced a comparable number of unique designs. It is interesting to note in this regard that no significant association was found between verbal fluency and the severity of hypoxemia in patients with COPD and that no difference in this function emerged between patients with COPD who were mildly and severely hypoxic. 47 Furthermore, we found no difference in the percentage of repetitions (ie, perseverations) of designs on the Five-Point Test. However, the number of perseverative errors on the (modified) Wisconsin Card Sorting Test (WCST) differed between patients with moderate to severe apnea and a healthy control group in two studies (Ref. 10: d = 0.81; ref. 13 : d = 0.78). However, when patients with moderate OSAS (either an AHI of 10-40 or SaO 2 level < 85% for less than 10 minutes) were compared to patients with severe OSAS (either AHI > 40 or SaO 2 < 85% for more than 10 minutes) in the Naëgelé et al 10 study, no significant differences in perseverative errors emerged, which is also in agreement with the lack of relationship between severity of hypoxemia and WCST performance in COPD patients. 47 Moreover, the increase in the number of perseverative errors on the WCST in a sample with mild to moderate OSAS failed to reach statistical significance. 12 The possibility of whether a group of only severe apnea patients would have performed worse was also examined. Severe patients' performance from the present sample (AHI > 30, mean AHI = 69.1, SD 29.1, n = 29; AHI > 40, mean AHI = 75.1, SD 26.9, n = 25) was analyzed and exactly the same pattern of results emerged as in our entire group of patients, indicating attentional capacity deficits, while no specific executive attention impairments were found.
Clearly, these results are not in agreement with two research groups reporting executive-function deficits that they interpreted as suggestive of structural (pre)frontal lobe damage. 9, 10, 48 However, one group of researchers significantly tempered this statement based on improved neuropsychological results after nasal continuous positive airway pressure (CPAP) therapy. 49 They have found not a single difference between the reported "frontal-lobe related functions" in 10 treated patients and a matched control group. Upon close examination, the neuropsychological findings of the other research group 9, 48 do not seem to be very consistent with the rest of the literature. For instance, it was the only group that reported an impairment on the TMT-B in patients with moderate to severe (d = 0.88) 48 and severe apnea only (d = 1.25) 9 that persisted (d = 0.94) after CPAP therapy in patients with moderate to severe apnea, 48 whereas other studies did not find such a deficit even before treatment. [10] [11] [12] [13] 42 Another example can be found in the number of (impulsive) errors that patients made on the Mazes test of the WISC-R that is considered to be a measure of planning ability. Bédard et al 9 reported highly significant and very large differences on this task in patients with moderate (P < .01, d = 1.63) and severe apnea (P < .001, d = 4.4), both compared with a normal control group. In contrast, in a study with 10 elderly patients suffering from mild to moderate sleep OSAS, no significant difference in maze-tracing speed was found (ref 50 : no data available to compute effect size). Besides, planning ability as assessed with tower tasks was not found to be dysfunctional in patients with moderate to severe OSAS. 10, 13 Several reasons may account for these discrepancies. As in the Bédard et al studies, 9, 48 in which relatively small patient groups (10 patients with moderate and 10 with severe untreated OSAS, and 10 patients with moderate to severe treated OSAS) were employed, few outliers could have significantly distorted mean test results. Also, at the time they published their treatment study, the earlier CPAP devices did not automatically record compliance data, making treatment evaluation difficult.
Another important though maybe less obvious reason might be the level of patients' motivation and effort. In fact, it should always be kept in mind that comparing test scores of a patient group with a normal control group is, though significant, only one aspect of the complex neuropsychological assessment process. One the most important factors to consider in interpreting neuropsychological dataparticularly in patients with sleep disordersare subjects' state factors such as fatigue, effort, and motivation. 22, 51 Because no data were provided about whether the patients maintained an acceptable level of motivation and effort, it cannot be excluded that their test results may have been rather uninterpretable. Again, by maintaining an awareness of the fact that patients may fail on neuropsychological tests for reasons other than brain damage, overinterpretation of neuropsychological data can be avoided.
In order to rule out alternative explanations, it seems very useful to include data about the level of invested mental effort in future research participants. Indeed, manipulated levels of motivation were shown to have a significant effect on executive atten-tion control during attentional switching. 52 Though the level of exerted mental effort may be difficult to measure, at least subjective ratings from visual analogue scales could be included, or the use of psychophysiologic measures would be even more helpful (eg, the so-called 0.1-Hz component of the heart-rate variability spectrum, 53 and passive forearm flexor EMG gradient 54 ).
We have suggested above that no specific executive attention deficit is present in our patients with OSAS, as hypothesized. Nevertheless, the significant difference (d = 0.54) on the switching subtask of the Flexibility test needs further discussion. This task can be considered as a kind of computerized TMT; there is, however, a relevant distinction between them. During switching, one also needs to remember the alternating target dimension (ie, letter or digit) on a trial-to-trial basis. Although this workingmemory storage capacity is considered to be of a rather low load in a healthy middle-aged population, this may be less the case in patients with sleep apnea who are suffering from attentional capacity problems.
It can be argued that the performance difference on the Flexibility task is mainly due to phonologic working-memory processes rather than to an attentional-switching deficit per se, for several reasons. First, when external cues about the target dimension are absent, as was the case in the Flexibility task, subjects need to keep in mind the switching algorithm across trials, indicating a role for the phonologic loop component of working memory that is capable of storing and rehearsing auditory-verbal information. 55 Indeed, several patients spontaneously declared that they had heavily used a (sub)vocalization strategy as a mode of control of action. Interestingly, it has been shown that the use of articulationinterfering with the phonologic working memory that is impaired in our patientshas a significant effect on set shifting, as indicated by higher task-switch costs 55 or increased perseverative errors on the WCST Test. 56 Second, the number of switching errors that patients made on this task was comparable with the healthy control group. Third, their normative age-corrected RT on this task falls within the average range (mean median RT = 765.3 milliseconds, T-score = 46, 34 th percentile). 57 Fourth, an unimpaired Flexibility performance in patients with apnea is in agreement with the TMT results, both from the literature as well as from the present study. It therefore appears that no attentional-switching deficit emerged in our apnea patients.
Consequently, the present study suggests the absence of major clinical hallmarks of prefrontal lobe impairment, such as disinhibition, distractibility (inappropriate updating), perseveration (lack of updating), dysfunctional attentional set shifting, decreased design fluency, and impaired dynamic updating and manipulating of the content of working memory, in patients with even severe OSAS. However, because patients with OSAS demonstrated cognitive slowing, short-term memory impairment, and vigilance decrements, it can be concluded that their cognitive performance resembles the cognitive decline after sleep loss. Indeed, such deficits were consistently found both after sleep deprivation, [14] [15] [16] [17] as well as in sleep apnea. [1] [2] [3] [4] [5] [6] [7] [8] During the vigilance task, significant decrements emerged after 10 minutes, which were characterized by lapses of attention and state instability. This finding is of major concern and substantiates sleep apneics' poor simulated driving performance and higher involvement in motor vehicle accidents. [58] [59] [60] Furthermore, it is noteworthy that thalamic deactivation has been found after 24 to 35 hour of sleep deprivation in healthy subjects, which was related to objective and subjective sleepiness, 61 vigilance performance decrements, 61, 62 and serial subtraction decreases. 61, 63 These sleepdeprivation studies also demonstrated significant decreases of brain activity in prefrontal and posterior parietal cortexes, which is in line with reported significant correlations between (right lateralized) fronto-parietal-thalamic-brainstem areas on the one hand and alertness and sustained attention or vigilance on the other. [64] [65] [66] These findings corroborate the above-mentioned effects of sleep loss on cognition. What's more, patients with COPD-suffering from chronic hypoxemia-seem to show diverging neuropsychological test results. Whereas Digit Span backward was significantly different between severely hypoxic patients with COPD compared with mildly hypoxic ones, this was not the case for Digit Span forward. 47 Moreover, the same pattern of results emerged for the TMT-B versus the easier part A. 47, 67 So, all in all, the present findings suggest sleepiness and its expression as neurobehavioral state instability as the primary causal factor in a parsimonious explanation of the observed attention deficits in patients with OSAS, without the need to assume structural prefrontal brain damage.
